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1. Foreword 
 
The canine stifle joint represents a diagnostic challenge because of its complex 
composition. 
Knowledge of the normal anatomy of the stifle joint is essential for make full use 
of and interpret the information given by these modern imaging technologies. 
The lack of familiarity with the normal cross-sectional anatomy is a major factor 
slowing the learning process for interpreting CT and MR images; therefor the 
cross-sectional anatomy has to be studied and the easiest way to learn is directly 
from it. Normal canine stifle MRI anatomy is available (Baird et al., 1998; Pujol 
et al., 2010) and several comparative studies between different modalities are 
present (Samii et al., 2003; Soler et al., 2007; D’Anjou et al., 2008). However to 
our knowledge no studies were performed both with high field MRI and 
multislice CT on stifles of dogs positioned in different flexion angles. 
Positioning is an important factor to improve observation of the intraarticular 
structures. In human medicine examining the knee in an achievable flexed 
position in daily practice is strongly recommended (Niitsu et al., 1998). 
Performing MR imaging with the knee in a flexed position (averaging 45° of 
flexion), more clearly delineated normal and torn anterior cruciate ligaments 
(ACLs) compared with MR imaging of the knee in an extended position (Niitsu 
et al., 1996).  
In contrast to humans, in veterinary medicine little is known about the best 
positioning to perform stifle imaging. 
Some authors have positioned dogs in dorsal recumbency with the pelvic limb 
extended (Banfield and Morrison, 2000; Soler et al. 2007) or 45° flexed (Baird et 
al., 1998); whereas others have used lateral recumbency (Blond et al., 2008) with 
the stifle in 145° of flexion (Pujol et al., 2010). To our knowledge only one study 
from Podadera et al. (2014) evaluated the effects of stifle positioning and scan 
plane on the visualization of the cranial cruciate ligament, using low-field 
magnetic resonance imaging. Stifles were imaged in three different angles (90°-
135°-145°). Findings supported the use of a 90° flexed stifle position for 
maximizing visualization of the cranial cruciate ligaments. 
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1.1 Functional anatomy of the stifle joint 
 
The stifle (articulatio genus) is a complex, condylar, synovial joint that allows 
motion in three planes (Carpenter and Cooper, 2000). 
It’s composed of two strictly in-built parts: the femorotibial (articulatio 
femorotibialis) and the femoropatellar articulation (articulatio femoropatellaris) (Barone 
2004).  
 
The movement of the femur relative to the tibia can be described by a set of 
three mutual orthogonal axes (x, y and z) (Fig. 1). The x axis passes through the 
femoral condyles parallel to the joint line in a medial-lateral direction. The y axis 
is parallel to the shaft of the tibia and passes through the medial tibial condyle 
just medial to the center of the tibial plateau. The z axis passes through the 
center of the joint space in a craniocaudal orientation.  
 
 
 
  
 
  
 
 
 
 
 
 
Rotation about each axis, as well as sliding along each axis, results in six basic 
movements of the stifle joint (six degrees of freedom). 
The primary motion of the joint is flexion and extension. However, as the 
femoral condyles roll and slide on the tibial table, there is cranial and caudal 
displacement, compression and distraction, internal and external rotation, varus 
and valgus angulation, and lateral and medial translation (Arnoczky et al., 1977; 
Korvick et al., 1994).  
Fig. 1 - Schematic drawing of the stifle joint of the 
dog shows the three axes of motion (x, y and z) 
and their orientation. 
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In a normal stifle there is a combined motion in two planes. Flexion and 
extension take place about the x axis, while rotatory movement of the tibia on 
the femur occurs about the y axys (Arnoczky, 2001). 
The complexity of all these motions is directly related to the structure and 
functions of the anatomical components that form the joint: the condylar 
portion of the distal femur, proximal tibia, and proximal fibula, as well as the 
pelvic limbs muscles, joint capsule, joint ligaments, and menisci (Carpenter and 
Cooper, 2000; Robins, 1990). 
Alteration in one of these components can leads to dysfunction of the joint as 
well as an increased risk of damage of the other structures. Therefore 
understanding of the normal anatomy of the stifle joint is essential for proper 
diagnosis and treatment (Carpenter and Cooper, 2000). 
 
The main spheroidal part of the stifle joint is formed by the thick, rollerlike 
condyles of the femur articulating with the flattened condyles of the tibia to 
form the femorotibial or condyloid part of the joint. Between the trochlea of the 
femur and the patella there is the femoropatellar joint. The two joints are in 
interdependent and they work complementary: the patella is held to the tibia 
firmly by ligamentous tissue so that any movement between the femur and the 
tibia also occurs between the patella and the femur (Evans and de Lahunta, 
2013). For this reason it’s preferable to consider them as one composed synovial 
joint (Barone, 2004). 
 
1.1.1 The menisci 
 
The incongruence that exist between the tibia and the femur is occupied by two 
biconcave C-shaped fibrocartilagenous discs, the menisci, one located between 
the adjacent medial condyles (meniscus medialis), and the other (meniscus lateralis) 
between the adjacent lateral condyles of the femur and tibia (Carpenter and 
Cooper, 2000; Evans and de Lahunta, 2013).  
They have sharp, deeply concave axial, and thick convex abaxial borders (Evans 
and de Lahunta, 2013). On cross-section the menisci are wedge-shaped (Robins, 
1990). The lateral meniscus is slightly larger and thicker than the medial (Robins, 
1990; Arnoczky, 2001, Evans and de Lahunta, 2013). 
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In man the menisci have been shown to have the major functions of load 
bearing and load distribution. They are also responsible for shock absorption 
(Bellenger, 1995; Messner and Gao, 1998). In the dog, they also deepen the tibial 
articular surface and provide better accommodation of the femoral condyles on 
the tibial plateau. They increase the stability of the joint during the flexion-
extension and rotatory movements and relieve the incongruence between the 
femur and the tibia (Robins, 1990; Carpenter and Cooper, 2000; Arnoczky, 
2001).  
Joint motion results in motion of the menisci, therefore they are considered 
dynamic structures. During flexion the menisci slides caudally on the tibial 
plateau. However, the medial meniscus slides much less than the lateral because 
of its attachment to the medial collateral ligament and joint capsule (Carpenter 
and Cooper, 2000; Arnoczky, 2001) (Fig. 2). The caudal displacement of the 
lateral femoral condyle on the tibia during flexion makes the caudal displacement 
of the lateral meniscus even more pronounced and, in extreme flexion, it may 
protrude over the edge of the tibial plateau. During extension both menisci slide 
cranially on the tibial plateau.  
 
 
 
 
1.1.2 Stifle joint ligaments 
 
Meniscal ligaments 
 
The meniscal ligaments attach the menisci to the tibia and femur. 
The cranial tibial ligament of the medial meniscus goes from the cranial, 
axial angle of the medial meniscus to the cranial intercondyloid area of the tibia, 
Fig. 2- Dorsal aspect of the tibia. Normal 
excursion of the menisci in extension and 
flexion (shaded) (Mod. Arnoczky et al., 1977). 
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immediately cranial to the transverse ligament, the cranial tibial attachment of 
the lateral meniscus, and the tibial attachment of the cranial cruciate ligament. 
The caudal tibial ligament of the medial meniscus goes from the caudal axial 
angle of the medial meniscus to the caudal intercondyloid area of the tibia, just 
cranial to the tibial attachment of the caudal cruciate ligament. 
The cranial tibial ligament of the lateral meniscus goes to the cranial 
intercodyloid area of the tibia, where it attaches caudal to the transverse ligament 
and the cranial tibial attachment of the medial meniscus. 
The caudal tibial ligament of the lateral meniscus goes from the caudal axial 
angle of the lateral meniscus to the popliteal notch of the tibia just caudal to the 
caudal intercodyloid of the tibia. 
The femoral ligament of the lateral meniscus (lig. meniscofemorale) is the only 
femoral attachment of the menisci. It goes from the caudal axial angle of the 
lateral meniscus dorsally to that part of the medial femoral condyle that faces the 
intercondyloid fossa. 
The transverse ligament (lig. transversum genus) is a small transverse fibrous band 
that goes from the caudal side of the cranial tibial ligament of the medial 
meniscus to the cranial part of the cranial tibial ligament of the lateral meniscus 
(Evans and de Lahunta, 2013). 
 
Femorotibial ligaments 
 
The femorotibial ligaments are the collateral and the cruciate ligaments. 
 
The cruciate ligaments are intraarticular and they are covered by synovial 
membrane. The cranial cruciate ligament (lig. cruciatum craniale, CrCL) runs 
from the caudomedial part of the lateral condyle of the femur across the 
intercodyloid fossa to the cranial intercondyloid area of the tibia (Evans and de 
Lahunta, 2013). 
The caudal cruciate ligament (lig. cruciatum caudale, CdCL) is slightly thicker and 
longer than the cranial one and runs from the lateral surface of the medial 
femoral condyle caudo-distally to the lateral edge of the popliteal notch of the 
tibia.  
As their name implies, the cruciate ligaments cross each other in their proximal 
ends in the intercondylar fossa.  
The cruciate ligaments function as joint movement regulators.  
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Functionally each cruciate ligament has two bands. The CrCL has a caudolateral 
band that is taut in extension and relaxed in flexion, and a craniomedial band 
that is taut both in flexion and in extension.  
The CdCL has a cranial band that is taut in flexion and relaxed in extension 
(Arnoczky and Marshall, 1977). 
For their anatomical relations, the cruciate ligaments begin to twist one on 
another as the stifle flexes and the tibia internal rotates on the femur (Arnoczky, 
2001). This twisting action limits the amount of normal rotation of the tibia. The 
rupture of both the cruciates causes an anomalous increase in this internal 
rotation of the tibia (Arnoczky and Marshall, 1977). 
As the stifle extends, the cruciate ligaments ”untwist”, so they have no control 
on external rotation. An excessive external rotation, associated with cruciate 
ligament, is present only when there is a concurrent collateral ligament rupture 
(Arnoczky and Marshall, 1977). 
The CrCL also functions to prevent cranial displacement of the tibia in relation 
to femur, limit excessive internal rotation of the tibia, by twisting on CdCl, and 
prevent hyperextension of the stifle. The CdCL functions to prevent caudal 
displacement of the tibia in relation to the femur and to limit excessive internal 
rotation of the tibia in conjunction with the CcCL (Arnoczky and Marshall, 
1977; Arnoczky, 1988). 
The collateral ligaments develop in the fibrous layer of the joint capsule. 
The medial collateral ligament (lig. collaterale mediale, MCL) is a thick ligament 
that originates from the medial femoral epicodyle, extends distally, forms a 
strong attachment with the joint capsule and the medial meniscus and inserts on 
the proximal medial region of the tibia (Carpenter and Cooper, 2000). There is a 
fluid-filled bursa located between the ligament and the tibia that reduces friction 
and aids the movement of the MCL caudally during flexion of the joint (Vasseur 
and Arnoczky, 1981). 
The lateral collateral ligament (lig. collaterale laterale, LCL) originates in the area 
of the lateral femoropatellar ligament and, as it crosses the joint cavity, it passes 
over the tendon of origin of the popliteus muscle. It ends distally on the head of 
the fibula, with a few fibers going to the adjacent lateral condyle of the tibia 
(Evans and de Lahunta, 2013). 
Vasseur and Arnoczky (1981) studied the anatomic features and functions of the 
collateral ligaments. They found that the collateral ligaments work together with 
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the cruciates to provide rotational stability of the joint both in flexion and 
extension (Fig. 3 A, B). 
In extension the collateral ligaments are stretched and provide the primary check 
against internal rotation with the cruciate ligaments acting as a secondary 
restraint (Vasseur and Arnoczky, 1981). During flexion the LCL loosens and this 
loosening combined with the less rigid attachment of the lateral meniscus, allows 
internal rotation of the tibia relative to the femur (Vasseur and Arnoczky, 1981; 
Slocum and Devine, 1983). In the intact stifle the internal rotation is checked by 
the twisting of the cruciates on one another. Thus, the cruciate ligamets provide 
the primary check against internal rotation of the tibia during flexion (Vasseur 
and Arnoczky, 1981; Arnoczky, 1988). Lateral rotation is limited only by the 
collaterals, both in flexion and extension.   
 
 
 
 
Patellar ligaments 
 
The patellar ligament (lig. patellae) is the portion of the tendon of the muscle 
quadriceps femoris from the patella, intercalated in the tendon, to the tibial 
tuberosity. It’s separated from the synovial membrane of the joint capsule by a 
large quantity of fat (Evans and de Lahunta, 2013). 
Fig. 3 - A: during flexion the lateral collateral ligament loosens allowing internal rotation of the tibia 
on the femur. The cruciate ligaments “twist” on each other to limit this internal rotation. B: during 
extension the lateral collateral ligament tightens and the tibia rotates externally. The cruciate 
ligaments “untwist” and thus have no effect on limiting external rotation (mod. Arnoczky et al., 
1977) 
 
 10 
 
The patella is held in the trochlea of the femur mainly by the thick lateral 
femoral fascia, or fascia lata, and the thinner medial femoral fascia (Evans and de 
Lahunta, 2013).  
The delicate medial and lateral femoropatellar ligaments (ligg. femoropatellare 
mediale et laterale) run from the patella to the fabellae and merge with the femoral 
fascia and function weakly to hold the patella in the trochlea (Robins 1990, 
Evans and de Lahunta, 2013). 
 
1.1.3 The joint capsule 
 
The canine stifle joint capsule is the largest in the body. It is composed of two 
layers and forms three intercommunicating sacs (Carpenter and Cooper, 2000). 
Two of these are between the femoral and the tibial condyles (saccus medialis and 
lateralis) and the third between the patella and the trochlea of the femur (Evans 
and de Lahunta, 2013).  
The outer layer of the capsule, the fibrous layer, is composed of dense, inelastic, 
fibrous connective tissue. The inner layer or synovial membrane is a specialized, 
vascular, connective tissue that produces synoial fluid, contains the nerve supply 
and produces phagocytic synoviocytes (Leeson et al., 1988). The two layers are in 
close contact except distally at the apex of the patella where they are separated 
by the infrapatellar fat body (corpus adiposum infrapatellare) (Leeson et al., 1988; 
Evans and de Lahunta, 2013). 
The normal canine stifle contains 0.2 to 2 ml of a transparent, viscous fluid that 
is primarily composed of water and a strongly polymerized hyaluronic acid 
(Leeson et al., 1988; Evans and de Lahunta, 2013). The synovial fluid serves as a 
lubricant and additionally it supplies nutrients to, and removes metabolites from, 
the avascular articular cartilage and menisci (Leeson et al., 1998; Carpenter and 
Cooper, 2000). 
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1.2 Diagnostic imaging of the stifle joint 
 
The canine stifle joint represents a diagnostic challenge because of its complex 
composition: it’s an arrangement of osseous, articular, fibrocartilaginous and 
ligamentous structures (Marino and Loughin 2010) and is one of the most 
frequently injured joints in dogs (Vasseur 1993; Johnson et al. 1994; Gielen et al., 
2010). 
Traumatic or degenerative changes are frequently seen, with meniscal and cranial 
cruciate ligament (CrCL) lesions most commonly diagnosed (Rose et al., 2011). 
The small size of stifle joint structures, the restricted joint space and its intricate 
composition make diagnostic imaging a challenge. Diagnosis of stifle disease is 
based on a history of lameness, physical exam findings (Reed et al., 1995; 
Kramer et al., 1999; Soler et al., 2007) and radiography remains the most 
important initial diagnostic step (Marino and Loughin, 2010). The presence of 
different tissue types and their superimposition limit successful diagnostic 
imaging with a single modality (Marino and Loughin, 2010). More recently 
several advanced imaging modalities have been employed to image the canine 
stifle.  
Progress in computing technology has accelerated advances in diagnostic 
imaging. The key to successful management of the diagnostic options is to 
recognize the strengths and weaknesses of each modality and to use a 
multimodality approach, to provide a complete assessment of complex 
structures.  
 
1.2.1 Arthroscopy  
 
In obscure case of knee injury in human orthopaedics, arthroscopic 
investigation, following careful physical examination, is a direct standard 
diagnostic procedure and a valuable tool to determine the possible treatment 
(Noyes et al. 1980, 1989; Odensten et al. 1985). Arthroscopy of the canine stifle 
joint allows direct visualization and careful probing to reveal minor surface 
fraying or subsynovial tears (Kivumbi and Bennet, 1981; Miller and Presnell, 
1985; Van Ryssen, 1996). The visible structures are the cruciate ligaments, the 
menisci, the intercodyloid fossa, the patella, the femoral condyles and the tibial 
plateau (Tomlinson, 2006). However, complete evaluation of the menisci is 
impossible because of anatomic constraints. The tibial surface remains hidden 
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from view, as does the integrity of internal meniscal structures (Flo 1993). 
Additional surgery after surgical stabilization for cranial cruciate ligament lesion 
may be neede for undiagnosed meniscal pathology (Metelman et al., 1995). The 
drawback to arthrography is its invasiveness and therefore the need for 
anesthesia. In addition, the basic equipment needed to perform arthroscopy is 
not widely spread in veterinary practice and it requires experience. Alternative 
diagnostic approach to arthroscopy has been investigated. 
 
1.2.2 Radiography 
 
The acquisition of extremity radiographs is one of the most common 
radiographic examinations performed in Veterinary Medicine practice (Thrall, 
2013). Radiography is the most used technique for orthopedic conditions and 
remains the most important initial step (Marino and Loughin, 2010). 
Radiography is ideal for stifle orthopedic conditions for its properties of energy 
absorption: tissues do not absorb X-rays uniformly and soft tissues absorb fewer 
than bone resulting in images that are shades of gray whereas bone appears 
radiopaque (Thrall, 2013). 
Obtaining good-quality radiographs of extremities is easier than other body 
regions because the parts are thinner and can be positioned more easily (Thrall, 
2013). 
 
Radiographic examination of the appendicular system should consist of 
minimum of two orthogonal projections, a lateral view and a craniocaudal view. 
The primary X-ray beam should be centered on the joint.  
Most of the abnormalities are seen on standard radiographic views, but stress 
view may be necessary to solidify the diagnosis (De Rooster et al., 1998; De 
Rooster and Van Bree, 1999, Marino and Loughin, 2010). 
 
Radiographic evidence of disease may include: compression of the infrapatellar 
fat pad, increased synovial fluid volume or thickening of the synovial lining, 
altered joint space, decreased or increased subchondral bone opacity, 
mineralization of soft tissues, intraarticular mineralization, joint displacement, or 
joint malformation (Thrall, 2013).  
Evaluation of subchondral bone, articular margins, and regions of ligament, 
tendon, and joint capsule attachment are easily assessed with conventional 
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radiology (Carrig, 1997). The most common pathological conditions that can be 
indirectly diagnosed with radiography are osteoarthritis (OA), cranial cruciate 
ligament (CCL) rupture, osteochondrosis, arthritis and neoplasia. Changes noted 
with stifle osteoarthritis are narrowing of the joint space, subchondral sclerosis 
of the tibial plateau, cystic lesions, intraarticular mineralization, bone remodeling, 
and joint capsule distension identified as proximal displacement of the 
infrapatellar fat pad and caudal displacement of the capsule (Marino and 
Loughin, 2010).  
Cranial cruciate ligament (CCL) rupture is characterized by intraarticular 
swelling, cranial displacement of the tibia and, in chronic cases, OA changes.  
Osteochondrosis is a disruption of osteochondral ossification resulting in 
cartilagineous lesions with sclerotic margins, commonly involving the medial and 
lateral condyle, osteochondral fragments, and secondary OA (Kippenes and 
Johnston, 1998).  
Radiographs of arthritis, infectious or noninfectious, may only reveal soft tissue 
swelling in the early stages, subchondral bone erosion and sclerosis, narrowing of 
the joint space, and signs of OA in more advanced cases  
Neoplasia of the stifle is uncommon and synovial sarcoma is the most common 
type observed. Soft tissue swelling and periosteal proliferation, with multifocal 
areas of bone destruction in periarticular locations, extending into articular 
regions with possible bone involvement, are the characteristics signs.  
For most diseases of the stifle, radiography may be sometimes sufficient to make 
a diagnosis. However, for its difficult in evaluating soft tissues, more advanced 
imaging may be necessary. 
In addition, we need to consider patient and operator exposition to radiations. 
Sedation is needed but short acquisition time. 
  
Radiographs with added contrast medium (air or water-soluble iodinated 
contrast medium) can be used to enhance visualization of intraarticular 
structures, such as the synovium and the cartilage (Thrall, 2013). However, 
arthrography routinely use is not justified (Hay et al., 1996) and it has been 
largely replaced by computed tomography and magnetic resonance imaging. 
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1.2.3 Ultrasonography 
 
Ultrasonography (US) is a safe, non-invasive, relatively low cost additional 
diagnostic tool to clinical and radiological examination: radiology can evaluate 
the bony aspects of the joint and their relationship to each other, sonography 
allows visualization of the soft tissue (Kramer et al. 1999). 
The ability of ultrasonography (US) to image intra-articular soft-tissue structures 
and to provide additional information, which can be used in conjunction with 
radiography, has been reported by several authors (Kramer et Gerwing, 1996; 
Soler et al). Furthermore, US has been proven to be useful to evaluate 
musculoskeletal soft tissues that are not visible radiographically (Reed et al., 
1995; Kramer et al., 1999; Gnudi and Bertoni, 2001; Arnault et al., 2009).  
Sound waves travel fastest through bone and slower in joint fluid, making 
ultrasonography more useful for soft tissue structures of the stifle. However 
ultrasound images generally have low resolution and soft tissue contrast (Fitch et 
al., 1997). 
In a study from Gnudi and Bertoni (2001) sonography was not an accurate test 
for cruciate ligament rupture evaluation in dogs, identifying only 20% of 
ruptured cruciate ligaments. Although not an incisive diagnostic procedure for 
this condition, it was specific for the soft tissue pathologic changes which were 
observed consequent to joint stability.  
Ultrasound has been reported to be a reliable technique for identification of 
osteochondrosis lesions in the lateral femoral condyle. The menisci are less 
reliably imaged in small dogs, but cranial cruciate ligament and femoral articular 
cartilage can be seen.  
Type and biologic behavior of tumors cannot be assessed using ultrasound, but 
it can demonstrate the extent of soft tissue involvement (Kramer et al. 1999; 
Marino and Loughin, 2010). 
However there are several major limitations to the routine use of ultrasound in 
evaluating the stifle. Individual US images represent only a portion of the 
complete cross-sectional anatomy of the region. Furthermore, the US beam is 
unable to penetrate structures that contain mineral and, in small and medium 
breed dogs, the joint space is too narrow, resulting in a limited window for image 
production (Kramer et al., 1999).  
Complete evaluation of the menisci is difficult. Normally the meniscus is 
inhomogeneous and congruent with the margins of the femoral and tibial 
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condyles (Marino and Loughin, 2010). The meniscal ligaments, intermeniscal 
ligaments, collateral ligaments and synovia cannot be differentiated (Reed et al., 
1995; Kramer, 1999). 
Ultrasound images generally have low resolution and soft tissue contrast and its 
operator dependence may make other modalities more useful (Marino and 
Loughin, 2010).  
 
1.2.4 Computed tomography 
 
Computed tomography (CT) is based on tomography technology, which allowed 
for an image of a single slice of the body to be produced on radiographic film 
(Marino and Loughin, 2010). In contrast to radiography, where there is 
summation of overlying structures, cross-sectional imaging allows improved 
resolution of anatomic structures (Samii and Dyce, 2004). 
Images can be manipulated, with a computerized process know as windowing, to 
reveal various structures based on tissue characteristics (Marino and Loughin, 
2010). Modern scanners allow this data to be reformatted as volumetric (3D) 
representations of structures and a 3D model can be constructed, displayed and 
manipulated for presurgical planning. 
Computed tomography  (CT) is very sensitive in demonstrating calcified or bony 
structures and also allows evaluation of the soft-tissues using appropriate 
windows (Samii and Dyce, 2004; Soler et al., 2007; Samii et al., 2009; Gielen et 
al., 2010).  The osseous structures and the infrapatellar fat pad are clearly 
identifiable (Samii, 2011). 
With cruciate ligament and meniscal cartilage tears joint capsular thickening and 
intracapsular effusion is always seen, periarticular degenerative osseous changes 
are often present, small osseous bodies (osteochondromas or avulsion 
fragments) may be seen. Reformation of the acquired transverse or frontal planar 
images is necessary to fully assess the cruciate and meniscal structures and intra-
articular contrast medium is necessary to clearly see the intra-articular soft tissue 
structures (Samii, 2011). 
Multislice CT allows very quick scanning of the patient. However general 
anesthesia required. The development of safe, short-term anesthetic protocols 
will play a major role for the full implementation of multislice CT in veterinary 
practice. 
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In addition, even if CT scanners have the benefit to of providing better osseous 
visualization and shorter scan times when compared with MRI, most stifle 
imaging studies in veterinary medicine are centered on intraarticular ligamentous 
abnormalities, making MRI a more suitable modality.  
 
1.2.5 Magnetic resonance imaging 
 
Magnetic resonance imaging (MRI) is currently one of the most effective 
diagnostic tools for assessment of joint disorders and has led to a better 
understanding of normal anatomy and pathologic features in people (Grainger et 
al., 2000). The major advantages of MRI are its excellent image resolution, 
superior soft tissue contrast, the possibility to image in multiple planes and use 
of a magnetic field rather than ionizing radiations. All of these features have 
made MRI the diagnostic modality of choice for traumatic, degenerative and 
inflammatory diseases of joints in people (Rubin et al., 2000). Moreover, it is also 
the only noninvasive modality that allows combined evaluation of articular 
cartilage, subchondral bone and soft tissue structures associated with the joint. 
For all these reasons MRI of the knee is reported to be the most common non-
neurologic application in human medicine (Chan et al., 1994).   
From the first description of MRI of the canine stifle in 1991 (Widmer et al. 
1991), several studies have described the use of low- and high- field MRI for the 
detection of intraarticular lesions and for diagnostic investigation of stifle injuries 
and degenerative changes (Baird et al., 1998; Martig et al, 2006; Blond et al., 
2008; D’Anjou et al., 2008). MRI may allow non-invasive confirmation of 
tendon, as well as associated muscle injury, prior to typical chronic changes 
(Fitch et al., 1997) and it has become the preferred imaging modality for the 
evaluation of the articular cartilage, menisci and ligaments of synovial joints 
(Widmer et al., 1994) also in Veterinary Medicine. 
Magnetic resonance imaging (MRI) offers a greater ability to directly and non-
invasively assess joint morphology and discriminate all articular tissues, including 
bone, synovium, and cartilage (D’Anjou et al., 2008).  In particular high-field 
MRI has been described to be more sensitive than computed radiography in 
assessing onset and progression of degenerative changes in canine experimental 
osteoarthritis and to provide discrimination between joint effusion and synovial 
thickening (D’Anjou et al., 2008). 
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New sequences and improved techniques for canine stifle MR imaging have 
been described (Baird et al., 1998; Soler et al., 2007; Pujol et al., 2011; Podadera 
et al., 2014).  
Baird et al. described the utility of MRI in imaging the structures of the stifle 
joint using a low field MRI in sagittal and dorsal plane. Another study by Soler 
compared the effectiveness of US, CT and MRI in imaging the different 
structures of the stifle in plastinated cross-sectional slices of cadaver specimens 
and used these images to create an atlas of normal anatomy. Pujol et al. 
compared low-field MRI and MR arthrography in normal canine stifles to gross 
dissection. They showed that, with the exception of poor delineation of articular 
cartilage, both protocols provide images of adequate quality to assess the normal 
canine stifle joint. All of these studies were performed positioning the stifle in a 
single flexion angle. Podadera et al. evaluated the stifle joint at three different 
flexion angles using low-field MR, comparing the visualization of the cranial 
cruciate ligament. MR images of the stifle at a 90° angle resulted in better 
visualization of the cranial cruciate ligament.  
However, MRI is an expensive diagnostic tool, limited in availability to clinical 
veterinary practice and requires general anesthesia to limit motion. 
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2. Objectives 
 
The aim of this study was to describe and compare high-field MRI to CT 
anatomy of the normal canine stifle and to compare the different visualization of 
the main articular structures that compose stifle when it is in four different 
flexion angles (85°-110°-135°-160°). We focused on the cruciate ligaments, the 
menisci and the articular cartilage. 
Performing stifle imaging at different flexion angles can be useful to better 
visualize the clinically most relevant structures and a valid technique for 
improving diagnostic accuracy. We hypothesized that stifle flexion would result 
in better visualization and delineation the cruciate ligaments, the menisci and the 
articular cartilage. 
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3. Materials and Methods 
 
3.1 Specimens 
 
The study was approved by the Institutional Animal Care and Use Committee. 
Six cadavers of adult dogs were collected within 12 hours of death following 
euthanasia for reasons unrelated to this study. Dogs were of various breeds, but 
were similar in size and body weight (20 - 30 kg). Palpation of each limb and 
orthogonal radiographs of the stifle joint were taken to rule out joint pathology. 
The cadavers were stored at -20° until testing.  
 
3.2 Limb Preparation 
 
From each dog either the right or the left stifle was randomly selected. After 
thawing, the limbs selected for inclusion were disarticulated at the level of the 
coxofemoral joints. The hair was clipped from the mid-diaphysis of the femur to 
the mid-diaphysis of the tibia. Two 3.5 mm tibial tunnels were drilled. These 
tunnels were used to provide tibial reference lines for the orientation of the MR 
and CT scanning enabling consistent planning of the sagittal and dorsal MR and 
CT image planes between the different flexion angles and between the two 
modalities (Tremolada et al., 2014). To allow for consistent position of the tibial 
tunnels, 2 Kirschner wires were placed with fluoroscopic guidance and were 
used as guide wires for drilling. The first wire was inserted 10 mm distal to the 
tibial tuberosity, in the craniocaudal direction, parallel to the tibia plateau. The 
second wire was inserted in the mediolateral direction, perpendicular to the first 
wire. By use of the guide wires, tibial tunnels were drilled with a 3.5-mm 
cannulated drill bit. One tibial tunnel was made in a craniocaudal orientation 
parallel to the tibial plateau, which was defined on the basis of radiographic 
landmarks. The second tunnel was made in a mediolateral orientation 
perpendicular to the first tunnel. The wires were removed prior to MR imaging. 
Limbs were stored at -10° C until imaging was performed. 
 
3.3 Stifle-loading jig 
 
A Polyoxymethylene (Delrin®) custom made jig was specifically built for this 
and a concomitant study (Tremolada et al., 2014) (Fig. 4). The device consisted 
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of two adjustable boards connected with a hinge mechanism, to allow the 
positioning of the stifle joint at different flexion angles. The proximal board, 
where the femur was located, had two slots on both sides where belts were 
inserted to strap the thigh, securing the femur. The distal board, used for the 
tibia, had on its distal part two rectangular blocks, to accommodate the hock 
joint, and a strap to secure the distal portion of the tibia. 
Both parts of the jig were extendible, making possible the use of the jig for 
different-sized dogs. Foam sponges were packed around the hock and around 
the femur to minimize possible movements and rotation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Magnetic resonance imaging 
 
Each specimen was mounted in the jig and the angle formed by tibia and femur was initially assessed 
was initially assessed using a plastic goniometer, aligning each arm with anatomical landmarks (lateral 
anatomical landmarks (lateral and medial malleolus and femur greater trochanter). Stifle joint flexion 
trochanter). Stifle joint flexion angle was then confirmed on mediolateral radiographs, using a 
radiographs, using a previously described method (Mostafa et al. 2009). The angle of the stifle joint was 
angle of the stifle joint was defined as the angle between the long axes of the distal portion of the 
distal portion of the femur and proximal portion of the tibia ( 
Fig. 4 – Mediolateral radiographic view of a stifle joint illustrating the 
measurements of the stifle joint angle. The angle (white triangle) is formed 
between the long axis of the distal portion of the femur and the long axis of the 
proximal portion of the tibia.). 
A tolerance of ± 5° degrees was considered acceptable. 
Fig. 4 - Custom made jig A- The central hinge (black arrowhead) positioned caudal to the stifle joint 
allows contol of stifle flexio. The white arrow indicates the part of the jig that allows it to fit dogs of 
different sizes by lengthening the jig. The black arrow indicates the portion of the jig where the 
tibiotarsal joint is positioned. It is possible to change the position of the 2 blocks to fit hock of 
different sizes. B- Pelvic limb of a dog positioned in the loading device. 
 27 
 
Following radiographs, the cadaver was positioned in a 1.5 Tesla commercial MR 
unit (Toshiba Titan, Toshiba America Medical Systems, Tustin, Calif.) and 
images were acquired using a circular surface receive-only coil. 
 
 
 
 
Fig. 4 – Mediolateral radiographic view of a stifle joint illustrating the measurements of the stifle joint 
angle. The angle (white triangle) is formed between the long axis of the distal portion of the femur and 
the long axis of the proximal portion of the tibia. 
  
 
Localizer images were acquired in 3 planes, and the tibial tunnels were identified.  
Images in the sagittal plane were planned such that the image axis was 
perpendicular to the long axis of the mediolateral tibial tunnel and parallel to the 
long axis of the craniocaudal tibial tunnel.  Images in the dorsal plane were 
planned such that the image axis was perpendicular to the long axis of the 
craniocaudal tibial tunnel and parallel to the long axis of the mediolateral tibial 
tunnel (Fig. 5). A proton density (PD) sequence (TR 3008, TE 18, FA 90°, ST 2 
mm, matrix 304 x 320) was performed and each leg was imaged at flexion angles 
of 85°-110°-135°-160° degrees. All images were stored on a picture archive and 
communication system (PACS) in digital imaging and communications in 
medicine (DICOM) format. 
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Fig. 5 – 3 planes (A: sagittal, B: dorsal, C: transverse) localizer MR images. Images in the sagittal plane 
were planned such that the image axis (blue line) was perpendicular to the long axis of the mediolateral 
tibial tunnel (b) and parallel to the long axis of the craniocaudal tibial tunnel (a).  Images in the dorsal 
plane were planned such that the image axis (orange line) was perpendicular to the long axis of the 
craniocaudal tibial tunnel (a) and parallel to the long axis of the mediolateral tibial tunnel (b). 
 
3.5 Computed tomography imaging 
 
CT examination of each stifle joint was performed right after MRI scanning, 
using an 8-slices multidector CT (MDCT) scanner (Toshiba Aquilion, Toshiba 
America Medical Systems). Legs were positioned using a styrofoam custom jig 
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simulating the patient in dorsal recumbency. The angle formed by tibia and 
femur was initially assessed using a plastic goniometer. Then, after the 
acquisition of the two scout images (one lateral and one craniocaudal image, 
extending from the proximal femur to the tarsus) the angle was confirmed on 
the lateral scout image using the same method as for MR (Mostafa et al. 2009) 
(Fig. 5). A tolerance of ± 5° degrees was considered acceptable. Using a 
modified stifle protocol (100 mA, 120 KVp, 512x512 matrix, pitch 1) a data 
volume was obtained from the mid femoral diaphysis to the mid tibial diaphysis 
with contiguous 1.0-mm slice thickness and 1.0-mm slice index with a soft tissue 
algorithm. Each image set was reconstructed with a bone standard algorithm and 
volume rendered. Multiplanar reformatted images in 3 planes (sagittal, dorsal and 
axial) were created from the volume dataset using the aforementioned tibial 
tunnels as a reference. Each leg was imaged at flexion angles of 85°-110°-135°-
160°. All images were stored on a picture archive and communication system 
(PACS) in digital imaging and communications in medicine (DICOM) format. 
 
3.6 Anatomical study 
 
After image acquisition, limbs were re-frozen (-10 °C) at 90° flexion and sagittal 
anatomical sections (2 mm) were obtained with a bandsaw approximately in the 
middle of the lateral and medial tibial condyles and intercondylar notch. When 
specimens were thawed, photographs at each different flexion angle were taken 
with a digital camera (Nikon D90). The photographs obtained from the 3 sagittal 
anatomical sections at each angle were matched with corresponding sagittal MRI 
and CT images. Relative positions of the main intra- and peri-articular structures 
of the stifle were compared.    
 
3.7 Image Analysis 
 
For each CT an MRI scan two board certified veterinary radiologists 
independently evaluated the cranial and the caudal cruciate ligament, the medial 
and the lateral meniscus, the femoral and tibial cartilage, using a visual 
assessment score of 0-3 and subjective criteria previously described (Podadera et 
al. 2014). A score of 0 indicated that the structure was not visible. A score of 1 
indicated that the structure was visualized partially. A score of 2 indicated that 
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the totality of the structure was identified but poorly demarcated. A score of 3 
indicated that the structure was totally visualized and well demarcated.  
Visualization scores referred to the visibility of the joint’s structures using all 
available CT or MRI images in one scan sequence at a specific flexion angle, 
both in sagittal and dorsal plane. For the CT scans the soft tissue window was 
evaluated (Window Level 40, Window Width 350). A MergePACS Workstation 
(Merge Healthcare Inc, Chicago, Ill.) was used to analyze the images. The studies 
were anonymized, all the data about the stifle angles removed and randomly 
projected. 
 
3.8 Statistical Analysis 
 
Statistical analysis was performed using the commercial software IBM SPSS 
Statistics, version 22.0 (IBM SPSS Inc., Armonk, USA).  
 
Before any statistical test, data distribution was verified by the mean of Shapiro-
Wilk test.  
Visualization scores means of each parameter were tested in order to verify their 
distribution, since data were not normally distributed and non-parametric 
analysis was performed. 
Visualization scores means were calculated for every structure and each angle, in 
both the modalities.  
Using the non-parametric Wilcoxon signed-rank test the effect of the angle on 
the visualization scores, regardless the plane, was evaluated for each structure. 
In order to find the best visualization angle for every structure a generalized 
estimating equation (GEE) was applied. In particular the dependent variables, 
since were considered as scores, were compared using a Poisson distribution and 
log link function was used. Goodness of fit was assessed using a quasi likelihood 
under independence model criterium (QIC). 
A GEE was also used to evaluate the effect of the plane, regardless the flexion 
angle, on the visualization scores, tested for each structure in both the 
modalities. 
Interobserver differences were tested for each modality using Wilcoxon signed-
rank test. The agreement between the two observers was calculated with Kappa 
test using the Cohen’s kappa coefficient, a statistical measure of inter-annotator 
agreement. The level of agreement was defined as follows: k values < 0.00 
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indicated no agreement; k values of 0.00-0.40 indicated a poor agreement; k 
values of 0.41-0.75 represented a good agreement; k values of 0.76-1.00 
represented an excellent agreement.  
Comparison between MRI and CT was made using a generalized estimating 
equation (GEE).  
The threshold for statistical significance was considered to be p<0.05. 
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4. Results 
 
4.1 Specimens 
 
Four male dogs and two female dogs with a mean ± SD body weight of 27 ± 5 
kg were used. Two right pelvic limbs and four left pelvic limbs were used for the 
study. 
  
4.2 Anatomical study 
 
The results of the first part of this study are illustrated in the following figures 
(Fig. 7, Fig. 8, Fig. 9). The visible structures in each MRI, CT and anatomical 
section are indicated in the legend. 
All the structures identified in the anatomical sections were visible both in CT 
and MRI and we were able to identify all the major stifle joint structures. Based 
on MRI and anatomical sections both menisci moved caudally during flexion 
(Fig. 7; Fig. 9). Lateral meniscal motion was greater than medial meniscus 
motion. During extension the cranial cruciate ligament appeared increasingly 
stretched and the caudal cruciate ligament relaxed (Fig. 8). Using CT images and 
anatomical photographs we demonstrated the caudal rolling and sliding motion 
of the femoral condyle during flexion (Fig. 7; Fig. 9), which matched caudal 
meniscal motion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 36 
 
             85°                         110°                        135°                        160° 
 
Fig. 6 – MRI (A-D), CT (E-H) and anatomical (I-N) images obtained in the middle of the medial tibial 
condyle at four different flexion angles. a) femur; b) tibia; c) lateral fabella; e) fibula; f) cranial horn of 
the medial meniscus; g) caudal horn of the medial meniscus. 
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             85°                         110°                        135°                        160° 
 
 
Fig. 7 - MRI (A-D), CT (E-H) and anatomical (I-N) images obtained at the level of the intercondylar 
notch at four different flexion angles. a) femur; b) tibia; d) patella; h) caudal cruciate ligament; i) cranial 
cruciate ligament. 
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             85°                         110°                        135°                        160° 
 
 
Fig. 8 - MRI (A-D), CT (E-H) and anatomical (I-N) images obtained in the middle of the lateral tibial 
condyle at four different flexion angles. a) femur; b) tibia; c) lateral fabella; e) fibula; l) cranial horn of 
the lateral meniscus; m) caudal horn of the lateral meniscus. 
 
 
 
 
 
 
 
 39 
 
4.3 Image Analysis 
 
All measurements made by the two different observers were recorded in tables 
(Table 1, Table 2, Table 3, Table 4). 
 
 
Table 1 - MRI visualization scores for observer 1 
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Table 2 - MRI visualization scores for observer 2 
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Table 3 - CT visualization scores for observer 1 
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Table 4 - CT visualization scores for observer 2 
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4.4 Statistical Analysis 
 
The Mean ± SD of the visualization scores obtained for the examined structures 
in the four different flexion angle are presented in Table 5 for MRI and in Table 6 
for CT. In MR images the higher score mean for the CrCL was obtained at 85° 
and 110° of flexion, for the CdCL at 85°, for the menisci and the cartilage, both 
femoral and tibial, at 110° of flexion. In CT images the higher score mean for 
the CrCL and the femoral cartilage was obtained at 85° and 110° of flexion, for 
the CdCL and the tibial cartilage at 110°, for the medial meniscus at 135° and for 
the lateral meniscus both at 85° and 135° of flexion.  
 
 
 
Table 5 – MRI visualization scores means ± SD. CR_cruciate= cranial cruciate ligament, 
CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= lateral 
meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, SD= standard deviation 
 
 
 
Table 6 - CT visualization scores means ± SD. CR_cruciate= cranial cruciate ligament, CD_cruciate= 
caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= lateral meniscus, FEMUR= 
femoral cartilage, TIBIA= tibial cartilage, SD= standard deviation 
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There were higher visualization scores on MRI vs. CT, with a statistically 
significant difference for every structure (p<0,05). The pairwise comparison 
between MRI and CT is presented in Table 7.  
 
 
Table 7 – Pairwise comparison between MRI and CT. CR_cruciate= cranial cruciate ligament, 
CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= lateral 
meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, mean diff= mean difference, std error= 
standard error 
 
The effect of the single different flexion angle on the visualization scores for 
every structure for MR images is reported in Table 8. The 135° and 160° degrees 
of flexion had a statistically significant influence on femoral (p=0,016) and tibial 
cartilage (p=0,016). For the rest there were no statistical significant differences 
(p>0,05). 
 
 
 
Table 8 - Non-parametric Wilcoxon signed-rank test to evaluate the effect of the flexion angle on the 
visualization score (for MRI). CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate 
ligament; MED_menisc= medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral 
cartilage, TIBIA= tibial cartilage 
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The pairwise comparison among the different flexion angles for MR images is 
illustrated in Table 9. For the CrCL there is statistically significant difference in 
the visualization scores between 85° and 135° (p=0,019), 85° and 160° 
(p=0,015), 110° and 135 (p=0,033), 110° and 160° (p=0,019). For the CdCL 
there is statistically significant difference in the visualization scores between 85° 
and 135° (p=0,004), 85° and 135° (p=0,000), 110 and 160 (p=0,023). For the 
medial meniscus there is statistically significant difference in the visualization 
scores between 85° and 110° (p=0,028), 110° and 160° (p=0,034). For the lateral 
meniscus there is a statistically significant difference only between 135° and 160° 
(p=0,028). For the femoral cartilage there is statistically significant difference 
between 85° and 160° (p=0.040), 110° and 160° (p=0.007), 135° and 160° 
(p=0,000). For the tibial cartilage there is statistically significant difference 
between 85° and 160° (p=0,000), 110° and 160° (p=0,007), 135° and 160° 
(p=0,000). 
 
 
 
Table 9 – Angles Pairwise Comparison (for MRI). CR_cruciate= cranial cruciate ligament, 
CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= lateral 
meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage 
 
 
The effect of the single different flexion angle on the visualization scores of 
every structure for CT images is reported in Table 10. The 85° degrees of flexion 
had a statistically significant influence on CdCL (p=0,007). For the rest there 
were no statistical significant differences (p>0,05). 
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Table 10 - Wilcoxon signed-rank test to evaluate the effect of the flexion angle on the visualization 
scores (for CT). CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate ligament; 
MED_menisc= medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral cartilage, 
TIBIA= tibial cartilage 
 
The pairwise comparison among the different flexion angles for CT images is 
illustrated in Table 11. For the CrCL there is statistically significant difference in 
the visualization scores between 85° and 135° (p=0,023), 85° and 160° 
(p=0,000), 110° and 160° (p=0,002). For the CdCL there is statistically 
significant difference in the visualization scores between 85° and 160° (p=0,000), 
110° and 135° (p= 0,001), 110° and 160 (p=0,000). For the medial meniscus 
there is statistically significant difference in the visualization scores between 110° 
and 160° (p=0,017), 135° and 160° (p=0,014). For the lateral meniscus there is a 
statistically significant difference only between 135° and 160° (p=0,014).  
 
 
Table 11 - Angles Pairwise Comparison (for CT). CR_cruciate= cranial cruciate ligament, 
CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= lateral 
meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage 
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The Mean ± SD of the visualization scores for every structure, considering the 
plane, are presented in Table 12 for MRI and Table 14 for CT. The values are 
higher for the sagittal plane for every structure, both in MR images and CT 
images. The pairwise comparison between the two planes is illustrated in Table 13 
for MRI and in Table 15 for CT. There is a statistically significant difference 
between the two planes for every structure in both the modalities. There is only 
no statistical difference (p=0,26) for the CdCL in MR images. 
 
 
Table 12 – MRI visualization scores means for dorsal and sagittal plane. CR_cruciate= cranial cruciate 
ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= 
lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, SD= standard deviation, dor= 
dorsal plane, sag= sagittal plane 
 
 
 
Table 13 – Pairwise Comparison to evaluate the effect of the plane on the visualization scores (for 
MRI). CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= 
medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, 
SD= standard deviation, dor= dorsal plane, sag= sagittal plane, mean diff= mean difference, std 
error= standard error 
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Table 14 - CT visualization scores means for dorsal and sagittal plane. CR_cruciate= cranial cruciate 
ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= medial meniscus, LAT_menisc= 
lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, SD= standard deviation, dor= 
dorsal plane, sag= sagittal plane 
 
 
 
Table 15 - Pairwise Comparison to evaluate the effect of the plane on the visualization scores (for CT). 
CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= 
medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, 
SD= standard deviation, dor= dorsal plane, sag= sagittal plane, mean diff= mean difference, std 
error= standard error 
 
 
The Mean ± SD of the visualization scores given by the two different observer 
are reported in Table 16 for MRI and in Table 18 for CT. The values of the first 
observer are statistically significant lower than the values of the observer 2, both 
in MRI (Table 17) and CT (Table 19).   
 
 
Table 16 – MRI visualization scores means for each observer. 1= first observer, 2= second observer, 
CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= 
medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, 
SD= standard deviation, SEM= standard error of mean 
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Table 17 - Wilcoxon signed-rank test to evaluate the interobserver differences (for MRI). 
 
 
 
 
Table 18 - CT visualization scores means for each observer. 1= first observer, 2= second observer, 
CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate ligament; MED_menisc= 
medial meniscus, LAT_menisc= lateral meniscus, FEMUR= femoral cartilage, TIBIA= tibial cartilage, 
SD= standard deviation, SEM= standard error of mean 
 
 
 
 
Table 19 - Wilcoxon signed-rank test to evaluate the interobserver differences (for CT). 1= first 
observer, 2= second observer, CR_cruciate= cranial cruciate ligament, CD_cruciate= caudal cruciate 
ligament; MED_menisc= medial meniscus, LAT_menisc= lateral meniscus 
 
 
 
The k value mean for MRI is 0,28 (CrCL= 0,37, CdCL= 0,31, medial meniscus= 
0,33, lateral meniscus= 0,47, cartilage= 0,09). The k value mean for CT is 0,14 
(CrCL= 0,06, CdCL= 0,27, medial meniscus= 0,22, lateral meniscus= 0,01). The 
k values are lower than 0.40 indicating a poor agreement between the two 
different observers. 
  
 50 
 
  
 51 
 
	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER 5 
 52 
 
  
 53 
 
5. Discussion 
 
Magnetic resonance imaging (MRI) is currently one of the most effective 
diagnostic tools for assessment of joint disorders (Grainger et al., 2000). The 
major advantages of MRI are its excellent image resolution, superior soft tissue 
contrast, the possibility to image in multiple planes and use of a magnetic field 
rather than ionizing radiations. All of these features have made MRI the 
diagnostic modality of choice for traumatic, degenerative and inflammatory 
diseases of joints in people (Rubin et al., 2000). Moreover, it is also the only 
noninvasive modality that allows combined evaluation of articular cartilage, 
subchondral bone and soft tissue structures associated with the joint. For all 
these reasons MRI of the knee is reported to be the most common non-
neurologic application in human medicine (Chan et al., 1994).   
From the first description of MRI of the canine stifle in 1991 (Widmer et al., 
1991), several studies have described the use of low- and high- field MRI for the 
detection of intraarticular lesions and for diagnostic investigation of stifle injuries 
and degenerative changes (Baird et al., 1998; Martig et al, 2006; Blond et al., 
2008; D’Anjou et al., 2008). Low-field systems are more common in veterinary 
practice, compared to high-field systems, because of their lower maintenance 
costs. However, low-field systems have disadvantages, because the signal-to-
noise ratio, contrast and resolution increase with the field strength. Major 
disadvantage of low-field scanners is their poorer image resolution. It’s more 
difficult to maintain the signal-to-noise ratio in a low-field system without 
increasing the slice thickness, the pixel sixe or the acquisition time. Lower 
resolution and increased slice thickness are likely to increase the partial volume 
effect, which could lead to a more difficult identification of small structures or 
lesions (Murray et al., 2009).  
In a small body component like the stifle, the slice thickness and the imaging 
resolution during the imaging process are very important. The new multidetector 
CT scanners allow obtaining slices of sub-millimeters thickness. Helical CT has 
the potential to reduce the time of the examination considerably (Samii and 
Dyce, 2004) and CT images can be manipulated on the viewing console to 
demonstrate bone or soft tissue detail. Images can also be formatted into 
different image planes after acquisition. CT has been reported to be very 
sensitive in demonstrating calcified or bony structures and also allows evaluation 
of the soft-tissues using appropriate windows (Samii and Dyce, 2004; Soler et al., 
 54 
 
2007; Samii et al., 2009; Gielen et al., 2010).  The osseous structures and the 
infrapatellar fat pad are clearly identifiable (Samii, 2011). Reformatting of the 
acquired transverse or frontal planar images is necessary to fully assess the 
cruciate and meniscal structures and intra-articular contrast medium is necessary 
to clearly see the intra-articular soft tissue structures (Samii, 2011). 
Modern multidetector scanners allow the data to be reformatted as volumetric 
(3D) representations of structures and a 3D model can be constructed, displayed 
and manipulated for presurgical planning. Multislice CT allows very quick 
scanning of the patient and is a less expensive technique compared to MRI. For 
all these reasons, CT remains more widespread than MRI in veterinary practice.  
 
The results from this study suggest that MRI is a valuable tool to adequately 
image the most clinical relevant components of the stifle joint and the stifle 
flexion angle affects the visualization of the most clinical relevant structures of 
the joint.  
Scores obtained were significantly greater when using MRI compared to CT, as 
previously described (D’Anjou, 2008). 
The most obvious difference comparing CT with MR images, was the greater 
soft-tissue contrast demonstrated in MR images. All the structures had a total 
visualization score > 2 with MRI; using CT the total values were significantly 
lower. Ligaments and menisci were seen in both modalities but clearly defined in 
the MR images, poorly demarcated in the CT images (Fig. 10, Fig. 11, Fig. 12).  
 
 
 
 
Fig. 10 - Comparison between CT (A) and MRI (B) sagittal images at the 
level of the lateral meniscus. 
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The cartilage was difficulty identified in all the CT images and scored a total 
mean close to 0. For this reason we excluded it from some the statistical analysis. 
Also in MR images the scores obtained for the cartilage were not satisfactory. 
This is in agreement with previous human studies, which have shown that MR 
cannot replace direct visualization for diagnosing cartilage damage in the knee 
(Friemert et al., 2004; Von Engelhardt et al., 2007). A study from Galindo-
Zamiro et al. (2013) concluded that the evaluation of the cartilage using MR is 
not clinically reliable in dogs. However, a recent study from Olive et al. (2010), 
performed to evaluate the metacarpophalangeal articular cartilage in horses, 
demonstrated that it is possible to evaluate cartilage thickness and structure using 
Fig. 11 -	  Comparison between CT (A) and MRI (B) sagittal images at 
the level of the intercondylar notch.  
Fig. 12 - Comparison between CT (A) and MRI (B) sagittal images at 
the level of the medial meniscus. 
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a fat-suppressed spoiled gradient-recalled sequence. Thus, the use of other 
sequences could improve the visualization of the cartilage. 
For MR imaging we choose to perform only a PD sequence, because our goal 
was to perform a morphological and comparative study. 
A proton density image is one where the difference in the numbers of protons 
per unit volume in the patient is the main determining factor in forming image 
contrast. When an MRI sequence is set to produce a PD-weighted image, it’s the 
tissue with the higher concentration or density of protons (hydrogen atoms), 
which produce the strongest signal and appears the brightest on the image.  
The most used sequences in clinical practice are the T1 and T2 weighted images.  
PD weighted sequence produces contrast by minimizing the impact of T1 and 
T2 differences with long TR (2000-5000ms) and short TE (10-20). A long TR 
allows tissues e.g. fat and water to fully recover their longitudinal magnetization 
and therefore diminishes T1 weighting. A short TE does not give fat or water 
time to decay and therefore diminishes T2 weighting. 
Our sequence was selected because it appeared to provide a good quality to 
properly image the normal anatomical structures. A study from Blond et al. 
(2008) about diagnostic accuracy of high-field MRI for meniscal tears in dogs 
affected with naturally occurring cranial cruciate ligament rupture reported a 
global sensitivity of 100% and specificity of 94% using proton density sequences. 
However, imaging of pathologic joints may require for sure more sophisticated 
sequences. 
For CT images acquisition we used a soft tissue algorithm.   
The advantage of the CT study was the time required for it. After positioning, 
each angle scan took only around 30 seconds, compared to the 30 minutes 
required for one MRI sequence.   
 
There was a statistically significant (p<0,05) difference between the two 
observers. The interobserver agreement was poor both for CT and MRI 
(k<0.40). This is likely explained partially by the variable difference experience of 
examiners. The second observer had a longer working experience in radiology 
and in particular in the orthopedic field. The first observer is still at the 
beginning of the learning curve. The interobserver difference could be reduced 
having two same level trained radiologists. In addition, the scoring systems we 
used were qualitative and subjective. The use of a quantitative scoring system, 
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introducing appropriate measurements system of the target, could reduce the 
interobserver difference. 
We performed the image analysis only comparing dorsal and sagittal plane. The 
transverse plane was not considered. Based on our experience and in accord with 
literature, all the structures are best identified working on these two planes 
(Blond et al., 2008; Pujol et al., 2011). They reported that dorsal and sagittal 
planes were most useful to identify structures like cruciate ligaments and menisci. 
From the results of our statistical analysis, scores obtained were statistically 
significantly greater (p<0,05) when comparing the sagittal to the dorsal plane, 
both in MRI and CT images (Fig. 13, Fig. 14). 
 
 
 
 
Fig. 13 - MRI images at the level of the intercondylar notch. Sagittal (A) 
and dorsal (B) planes. 
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Visualization score were significatively affected by the stifle angle. From the 
pairwise comparison between the different angle resulted that the best 
visualization was obtained at 85° and 110° degree of flexion.  
For the cranial cruciate ligament this may be related to its anatomical relation 
with the surrounding structures. Similar to studies performed in people (Niitsu et 
al., 1997), we observed that during extension the majority of the femoral portion 
of the CrCL was in contact with the proximal and the lateral margins of the 
intercondylar fossa and their contour couldn’t be clearly delineated. During 
flexion, the cranial cruciate ligament separated from this bony structures, 
allowing synovial fluid to extend around the margins so the ligament was better 
delineated (Fig. 8).  
Menisci were best visualized at 110° of flexion, seen as wedge-shaped structures 
on sagittal plane. It is well-know that joint motion results also in motion of the 
menisci. During flexion the menisci slides caudally on the tibial plateau. 
However, the medial meniscus slides much less than the lateral because of its 
attachment to the medial collateral ligament and joint capsule (Carpenter and 
Cooper, 2000; Arnoczky, 2001). The caudal displacement of the lateral femoral 
condyle on the tibia during flexion makes the caudal displacement of the lateral 
meniscus even more pronounced and, in extreme flexion, it may protrude over 
the edge of the tibial plateau. During extension both menisci slide cranially on 
the tibial plateau and they are more compressed between it and the femoral 
condyles (Fig. 7, Fig. 9).  
 
Fig.14 – CT images at the level of the intercondylar notch. Sagittal (A) 
and dorsal (B) planes. 
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The technique described in this study could not be used in clinical patients 
because it required bone tunnels in tibia. In humans, MRI tracking systems allow 
for automatic continuous adjustments of scan plane positions (Vandevenne et al. 
2010). Other methods described in humans include use of anatomical landmarks 
such as collateral ligaments, tibial condyles, or the caudal aspect of the tibial 
plateau (Mastrokalos et al., 2005). We used a method that would allow exact 
alignment of the scan, to have an almost perfect repeatability between different 
scans and between the two modalities. Further work is for sure required to 
validate anatomic landmarks in the canine stifle joint for clinical application.  
We used disarticulated limbs. However, the stifle angulation should not 
represent a problem in the patient positioning. Nevertheless, further studies will 
be required for clinical application in live dogs.  
 
5.1 Conclusions 
 
All of the joint structure of the canine stifle can be better identified and 
evaluated by MRI. Most of the soft tissue structures that were seen on MRI were 
also identified on CT images using a soft tissue window, but never with the 
definition that MRI offers. 
Our hypothesis was confirmed and imaging of the stifle in flexion conditions 
(range from 85° and 110°) resulted in better visualization and delineation of the 
main stile joint structures, with particular focus on the cruciate ligaments and the 
menisci. Exact positioning was a crucial point of this study. The tibial tunnels we 
used cannot be obviously applied in clinical patients. Future studies will be 
needed to find repeatable anatomical landmarks, such as the caudal aspect of the 
lateral tibial condyle and the intercondylar eminences. 
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6. Summary 
 
Several new imaging modalities have been described for the evaluation of the 
canine stifle. However, to our knowledge, imaging of the stifle at varying degree 
of flexion has not been investigated. Our purpose was to compare high field 
magnetic resonance (MRI) and computed tomography (CT) of the normal stifle 
at varying flexion angles to describe and evaluate the visualization of its 
structures when positioned in four different flexion angles (85°-110°-135°-160°).  
Six canine hind limbs were imaged at four different flexion angles using a 1.5 
Tesla commercial MR unit and a multi-slices CT scanner. For each CT and MRI 
scan two board certified veterinary radiologists independently evaluated the 
cranial and the caudal cruciate ligament, the medial and the lateral meniscus, the 
femoral and tibial cartilage, using a visual assessment score of 0-3 and subjective 
criteria previously described by Podadera et al. A score of 0 indicated that the 
structure was not visible. A score of 1 indicated that the structure was visualized 
partially. A score of 2 indicated that the totality of the structure was identified 
but poorly demarcated. A score of 3 indicated that the structure was totally 
visualized and well demarcated. Statistical analysis was performed to evaluate the 
intermodality difference and the interobserver difference, the effect of each 
flexion angle and the effect of the plane on the visualization score of the 
different structures. The visualization scores obtained for MRI were statistically 
significant different compared to those obtained with CT images. There was 
statistically significant difference between the two observers. From the pairwise 
comparison of the different flexion angles the 85° and 110° degree of flexion 
resulted to be the best angles to visualize all the structures. 
All of the joint structure of the canine stifle can be better identified and 
evaluated by MRI. Most of the soft tissue structures that were seen on MRI were 
also identified on CT images using a soft tissue window, but never with the 
definition that MRI offers. 
Imaging of the stifle in flexion conditions resulted in better visualization and 
delineation of the main stile joint structures, with particular focus on the cruciate 
ligaments and the menisci. 
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